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Talk structure

What is R2D ?

Relevant RHIC-I results

Future non-identified particle measurements
Future identified particle measurements in pp

Future identified particle measurements in AA

Summary
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R2D detector concept: hermeticity and PID

[l Full n-coverage in one detect

e.g. Azfar’s talk

Two stage
forward tracking:
Silicon disks

_‘..-//\
|
|14

Forward Magnet (B =15 T)

/

| ‘ :n=3ﬁ-+s

] e—"

Forward spectrometer
consisting of:

RICH

EMCal (CLEO)

HCAL (HERA)

Muon Absorber




Wwo9°Ysepnoop mamm/:dyy :: paisjsibaiun Jadysep Aq peonpold Juswnooq

Alternative: S-R2D based on CDF

(CDF, CLEO & BABAR have same field and magnet radius)

Si Vertex D.

AeroGel2 Ch. D.

GEM Tracking D.

Two TPC+Ch.D. systems.
Y/ Pad Detectors with Csl
/(UM converter) in the same
gas volume to use TPC
*working” gas as UV radiator.
First, C4H10
Second: CF4
Maximum drift time ~10 ps
TPC readout: GEMs+pads




We need high pt PID and large acceptance !
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Relevant RHIC-| results

»»»»»»»»»» T,=171 MeV, (B} )=0.44 ¢

STAR Preliminary

Strong collectivity in a liquid like (not
plasma) phase which requires a partonic EoS

The ‘quenching’ of high pt particles due A x i cofiral S
radiative partonic energy loss.

Energy loss 15 times higher (several
GeV/fm3) than in cold nuclear matter

(compare RHIC AA to HERMES eA)
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recombination provides a description ~1.5-5
GeV/c for identified particle properties
Caveat: string fragmentation might too !!

v2 and jet quenching probe d.o.f above Tc'!

p;/n (GeV/c)
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Contributions to particle production
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High pt physics based on
non-identified spectra




Medium Induced NotAbelian RadiativeSpectrum

°Inan medium the is the relevant
jet quenching parameter

Cqa, u_EL 2E e The density at the LHC is 2-3
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Quantifying the modification of fragmentation functions
through y-tagged jets (e.g.hep-ph/0310274)
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Fig. 46: The suppression factor for hadron-triggered frag- Fig. 47: The modification factor of the photon-tagged inclu-
mentation functions in central (0-5%) Au + Au (d+Au) col- sive jet fragmentation function in central Au+ Awu collisions
lisions as compared to the STAR data [24]. at /s = 200 GeV for a fixed d 7, /dr = 1 GeV/fm.

1.) ay-tag Is just a tool to minimize the uncertainty in z
2.) measuring the non-identified charged hadron away-side

spectrum is sufficient as long as the energy loss is universal
11




Reqguirements for a complete y-jet program

e Full coverage in tracking and pid and calorimetry

ePreferablyy-jets to determine jet energy unambiguously

Broadening im and pT in ppy+jet) and AA e Need hadronic calorimetry in orde
to apply isolation cuts foy's

GeVlc 7 ———"-_parton all py
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PYTHIA 6.2
. ot rHetinpp

10 12 14 16 18 20 22 24
P [GeV]
PYTHIA B.2

Glueck et al., PRL 73, 388
A A R2D rates per RHIC year:
40 GeV di-jets: 120k
Npwith pt>5 GeV/c iny-jets with By = 20 GeV : 19,000
- 15 GeV: 200,000
A=t 10 GeV: 2,000,000
12




High pt physics in pp collisions
based on identified spectra
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pp at RHIC:
NLO breaks down for heavy masses ?
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Octet baryon fragmentation
Bourrely & Soffer (hep-ph/0305070)

hep-ph/0305070

Z 1 107!

Strong heavy quark
contribution to
parton fragmentation
Into octet baryons

at low fractienal

momentum in pp.!!

el Quark separation In

| fragmentation models
| IS iImportant. RES are
| not universal.

Depend on Q, E,
and flavor
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New NLO calculation based on STAR data
(AKK, hep-ph/0502188)

apparent E. dependence of separated quark contributions.
As of now only tested on light mesons

16
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Correlations in pp:
Study leading particle asymmetries

Measured for charmed mesons
and strange baryons ' _ z - ‘ PyrHIAJETSET
(E791 — FERMILAB) - [
(hep-ph/0009016)

Possible explanation through
parton recombination

(hep-ph/0301253)

Measure

Measure

Measure




Correlations in pp:
Study identified particle correlations

Detailed particle identified measurements in OPAL, ALEPH and
DELPHI show:

a.) cosP) distribution between correlated pairs distinguishes
between isotropic cluster (HERWIG) and non-isotropie. string
decay (JETSET) for production mechanism. JETSET Is clearly

favored by the data.

b.) strong local correlation of di/\ production based onAy
measurements

c.) correlated A-Anti A pairs are produced predominantly within
the same jet, I.e. short range compensation of quantum number

Question: Are these features of jet correlations reproduceable Ingo
at RHIC and are they modified by the opaque medium in AA ?

18
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Are pp particle spectra at RHIC-II
pt imited ?

Pythia 6.2

200 GeV p+p
> 10 GeV/c

= %
1(+)4 part|cles IR pp + ¥t
— 4 +1:

f t
; t o1 iyt
i il
5 | L I i
O 5 10 15 20 25 30 35
frag. particles p+ (GeV/c)




High pt physics in AA collisions
based on identified spectra
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Is the fragmentation function
modification universal ?

Modification according to Gyulassy et al.
(nucl-th/0302077)

Induced Gluon Radiation
= ~collinear gluons in cone
“Softened” fragmentation

— D(z) Vacuum

™ increases o

(2] 7N

. decreast

‘% hep-ph/0305070
L |].

7 1 107! 7 1

Quite generic (universal) but attributable
to radiative rather than collisional energy
loss
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Different partons lose different
amounts of energy

Examples:

1.) dead cone effect foheavy quarks
For heavy quarks in the vacuum and
In the medium the radiation at small
angles is suppressed (Dokshitzer &
Kharzeev, PLB 519 (2001) 199)

Yu.Dokshitzer

2.) gluonvs. quark energy loss:
Gluons should lose more energy and
have higher particle multiplicities
due to the color factor effect.

T T T g e e —— ]
Non—Abe“an energy IOSSOHIifetimet:O-qum ----------
. XNW, nucl-th/0410049 ‘
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Gluon jet selections at RHIC-II

p+p -> pQCD Jets (MRS D-, p,/2)

1.) Large rapidity interval correlatio
(Mueller-Navelet Jets)

2.) Three jet events (?)

do/dyd’p, mb/GeV”

3.) B-dependence ofjets (?)

high-x valence quark low-x gluon
0.3 <x,< 0.7 0.001< x4 < 0.1




Measuring the universality
fragmentation modification in the
medium

1.) we need to understand  peasure
fragmentation (hadronization) in in pp & modifications in AA.
pp collisions

a

)1 d JUBWNOO

Q) peINpPC

Study Z = Ppagron/Pjer @aNd X dependence :

2.) use the medium modified 02<z<1 - 7<p<30GeVic
fragmentation functions in AA
. 0.1<x<0.00l - 0<n<3
collisions

High p- identified particles
3 ) Different flavor contributions Intra- and inter-jet particle correlations
" 10 D(z) at different z lose ~ -"9¢ N aceeptance for ytagged jets

different Az |r_1 the opaque Essential to understand hadronization
medium.
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strange-charged hadron correlations in AA
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But we are statistics limited,
we need\-A, A-Anti- A, A-K to higher pt

Anticipated R2D rates:

50,000AA pairs > 4 GeV/c , 5,000 pp pairs > 10 GeV/c
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Exploring the phase above Tc

The unigue method to
generate asymptotic freedo
experimentally, I.e. the
Interplay between
compression, expansion, an(
temperature might lead to a
strongly coupled state in.a
certain part of the phase
diagram above the ‘critical

temperature.

q peonpold SN0
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g
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(D)
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|s the coupling constant Is
running as a function of
distance and temperature ?
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The temperature dependent running
coupling constant a.

A.Peshier et al. (quasi-particles) @ckKmarek et al. (thermal mass, LQCD)
(hep-ph/0502138) (hep-lat/0406036)
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e/T4 never reaches the

How strong is the sQGP ?

Lattice QCD

Boltzmann limit

No perturbative QGP

No wQGP

<= Confined =><= Non-pert. QGP =>

12

<= Pert, QGP =>

1 L

Rend .|
Polyakov
loop T 461
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02r
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Two flavors,
kaon masses

05

3 flavour
2 flavour

T, = (173 +/- 15) MeV
e, ~ 0.7 GeV/fm®

2(|)0 3(|)0 4(|)0

Polyakov Loop QCD?;
Perturbative QGP (wQGP)
IS reached at 3T

Different initial conditions

at RHIC and LHC !
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The sQGP degrees of freedom

Zhe Xu (hep-ph/0406278multi-gluon interactions (e.g.strong 2 to 3)

Recombination modelgonstituent quark (dressed up valence quarks)

A. Peshier (Hirschegg 05quasi particles above. T
E.Shuryak (hep-p/040506&0lored and colorless bound states abgve T
R.Rapp (Hirschegg O5¢uasi-resonant heavy states aboye T

M. Thoma (hep-ph/04092133trongly coupled, non-relativistic plasmas

e Elliptic flow v, - collectivitiy should reduce in a weakly interactingsystem
e jet quenching
e High mass resonance shifts due to partonic bound g&s (Shuryak)




What Is the relevant scale for QCD ?
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Chiral symmetry restoration
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Are AA particle spectra pt limited at
RHIC-II ?

Pythia 6.2
200 GeV p+p

J |
10 15 20 25 30 35
frag. particles p+ (GeV/c)
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High p; Identified particles & jets in R2D

* unique to new RHIC- II detector
*
B PHENIX
B STAR

| |i ||
pAD‘n:pA

npAanAD

*

New Detector Improvement Factor

H

p>10 GeWc p > 20 GeVic p>5 GeVs’c p>5GeVic
& &

vjet>10 GeV yjet > 20 GeV

pweewc;_— *
p>10Gevic 3 I *
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Do we need RHIC-Il in the LHC era ?

e Is the LHC viewing the sQGP through the distortetsle
of the Color Glass Condensate ?

e Maybe the QGP degrees of freedom change from RH
to LHC. Does the sQGP get weaker ? Are we In the
SQGP sweet spot ?

e The conditions will be different. This is a unique
situation which allows us to study the QGP from two
angles. RHIC-II offers longer running time, higher
luminosity, more detailed detector capabillities. LHC
offers higher energy and larger cross sections.




